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Introduction.

In most wind tunnels the construction and test of a nodel
aerofoll or fuselege iec standardized, but in the endeavor to
secure & non-turbulsnt air flow and great refinement in force
neasurements, the general requirements for comstrustion aznd
tests of model airnlanes or seaplanzs harve besn neglected.

The average airplane tiodel is coﬁstructed to scale from general
assexbly plans with.detail depending on %he skill of the model
naker. A8 one result the cost of a model is very high., £&s
enother rssult the test data is freduently unreliable.

The following notes are intended to supolement Mz, r. H.
Forton'e paper on "The Construction of Models for Tests in Wind
Turnels" (Hational Advisory Committee for Aerqnautics' Report
No. 74). I% will be shown that the construciion of an-airplane
rodel can and should be simplified in order to obitain the most

reliables test data.
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Gsneral Reduirements in MYodel CGonsitrucition.

The zeneral purpose of the usual wind tunnel tests on a

model zirplaune is to obtain the aerodynamic characteristics,
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static bzlance, =né the efficiency of the controls for tes
perticular combination of wings, t2il surfacss, fuseiege and
landing gear employed in the design. These pazts must be exacs
scele reprodvctions. Any appreclable variation from acale T=-
production rust be in the remwaining parts of the model, i.e.,
struts, wires, <fittings, control horns, wadiators, engines

and the various attachments found expcsed o the wind in specias
&irplanes,

Otviously the wings, tail surfaces, fueslage and landing
gear must be rigidly held in the proper relation, one t0 anotaer,
preferably with meana for minor adjustments. Thess rejuirements
are easily met in modele of internally-braced monoplanes, but
tLhey usuvally cause trouble in models of multiplianes, rarsicular-

-

2y —hen sn attenpt is rade to provide an exact scals repreduc-

+tion of the interplane bracing in accordance 7ita the posular
conczption of model requirsnments. Aithough model struts and
fittings are very nminute and difficult to make, thelr use would
bs justified if a model so constructed was rigid and cspable of
wincr zdjustments and if it in test fairly reoresenied the full

3cale airplare.
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Interplans Bracing.

igure 1 repressunts an average avtempt o secure an sxact
scale reproduction in 2 wind tunnel model. The result is a

Tlirsy affaizr whick is not only difficult to line up, but also
4irficult to keep adjvsted. The values of drag obtalned from

veets are from 30% %o 50% higher than the velues obtained from

-

ce.loulationg, waich allow for a normal scale effect. This great

d:ffsrence In drag is Gue %o the abnormal scale effect for stints
an? Tires gt loT values of VL., Fipure 3 is includsé to 1llus-

i

te the megnitude of this sczle effect. The average full

[A1]

scale strut, say 2" taick at & velocity of 100 f.p.s., has the
folleoring characteristics: |
VL = 18.7
De = 0.043

Tor & 1/24 scals model tssted st 50 f.p.s., the charzcteristicc

will be
VL = 287 = 0,35
2 x 3
Dc = Q, 180

- ’,

Consequensly. ths resistance of a mnodel strut is abouvt four
times as great as 1ts proportionel full scale walus.

The scele sffect on wires and cables is about one-nalf of
the scals effect on struts. The scale effect on fittings is -
¥nown, but it is reasonable to assume that it is of the same

order &8 thet for the wires, I+t therefors appsars useless to
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emrloy an exact reproduction of the interplare bracing on medels.

This fact has beern rscognized in tke construction of certain
models, in which, according to the test rsports, the omission of
interplare wiring was supposed to allow for the scale effect on
the gstruss., This gssumption is hardly justified in general use
although it may give a fair approximaﬁion in those cases naving
a certein dsgree of balance between the struts ard wires. Even
with this simplilication there still remain tﬁe requirements of
vigidity and minor adjustment which are always difficult to meet
with the nmocsl streanline gtruts.

As the result of investigations made at the Washington Navy
Yard wird turnels and extending over a period of three years,
it has be=n concluded that the best results are cbtained by
onitting all of the struts, wires, and fiitings, as such, and
holding the modsl together with the fewest possible number of
small cylindrical brass struts consistent with rigldity and ad-
justmert. These stmis are usually fitted'in symmetrical pairs
~ithout reference to the location of sftruts on the full scale
2irplane. It is found that three palrs are sufi iclent for the
average bipiane model. Adjustment is obtained by fitting the
struts with R.d. and L.H. threade into corresponding bushings
in the lowsr and upper ﬁing. The diameter of the wire used de-
vends vpon the size of the model and varies from 0.030" to 0. 10CH

the average being approxinately 1/16%.
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Tfests have shown that the 1lift of these wires is negligil.:
and that their dreg is substantially constant dver the usual
rangs of flwving anglss. 4L very close avproximatioan to the true
model scale drag of the airplane méy therefore be obtzined by
ccrrecting the observed model dreg for the difrerence between
the drag o the cylindrical struts and tae scaled down valuve of

the calculated drag for the full scale interclene bracing, i.e.

Dl

D - Dy - Dg

vVheTre '
D! is the corrected model drag,

D +the observed model drag,

Dy the drag of the cylindrical struts
used on the model, and Do the calculated model edquivalnet on the
full scale interplane bracing drag, assuning that it varies asg
.(VL)a. Since this assumption is always made in couverting the
medel test data to full scale valuss, the preceding operation icg,
in effecf, the equivalent of a scale correction for the inter—
rlane bracing.

Corrections may also be made to piitching noments if desired.
It is recommended that in -each case the moment of (Do — D)
about the c.g. be coupared with the total moment in order o
weigh the necessity of this correction. In most cases it may be

neglected.
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F¥inor Detail.

Tr.e construction of the model may be further simplified
ithout affecting the accuracy of the test results. For instancs
the cortvol cebles, and in most cases the control horns, should
At cmitted end treir resistance included in the correction Dep.

Radiétors »ave approximately one-half of the resistance of

s flat plate of equal frontal area. Free air radiators may

therafeore be approximated by a flat plate vwhose linear dimensicns

‘re 70% of thoss cf the radiator. In case there are objects in
vhe wake oi the radiator i% is desirable to use a piece cf gauze
=hich has a resistznce coefficient equal to radiator core. Nose
radiators should te made according %o the method described in
K.A.C.A. Rerort No, 74, '

Very iittle detail skould be used on engine cylinders, wird

chieids, wing skids, tail skids, shock gbsorbers, etc. These

rarts have very little sffect on the toial resistance and it has

besn found that the extra labor required to put in the detail is
not justified.

Figire 3 reprssents the appsarance of a model which embod-
ies in ite coastruction the foregoing simplifications, This mod-
2l is rlgid and easily aciusted; on test if gives satisfactory
regults. The cost of construction is reduced approximately 50%

compared with an exsct scale modsl.



Resistance of Struts.
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(Reproduction of Fig.2 - Br.A.C.A, RE&M #416.)
Fig. 2.
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